on adsorption of these low molecular weight gases. Th'1s way, there is '\ matching of vibrational frequencies of the collision pairs (gas moleculesadsorbed molecules) which allow strong vibrational (V-V) energy transfer.
' N 2 0, C 2 H 2 , NH3 and methylene cyclobutene) m.olecules were monitored upon scattering from the clean and carbon covered (100) crystal face of platinum. All of the scattered molecules (except ammonia) exhibit directed scattering with intensity maxima at or near the specular angle, indicating poor energy acc<?mmodati'on during collision.
On scatterings CO and C 2 H 2 from an adsorb~ layer of carbon monoxide or acetylene the angular distributions were cosine-like that indicate significant energy accommodation between the incident gas molecules and the , surface. It appears that if the vibrational energy of surface atoms and the translational energy of the incident molecules are of the same magnitude, the incident particles will be reflected. The near complete energy accommodation of the scattered molecules in the presence of adsorbed gases could take place if high frequency surface modes are created on adsorption of these low molecular weight gases. Th'1s way, there is '\ matching of vibrational frequencies of the collision pairs (gas moleculesadsorbed molecules) which allow strong vibrational (V-V) energy transfer.
I. INTRODUCTION
Studies of the scattering of atomic and molecular beams from solid surfaces reveal the nature of energy transfer between an incident atom or molecule and surface atoms. For monatomic gas atoms energy can only be exchanged between the tr~slational modes of the incident atom and the vibrational states of atoms in the surface. The interaction of monatomic gases with solid surfaces has been studied sufficiently to allow the development of the "hard-cube" and "soft-cube" scattering 1 2 models. ' These models, and more sophisticated models, explain qualitatively many of the scattered beam properties: its surface and beam temperature dependence and its dependence on the mass ratio (m 1m ) The major assumption of the cube models, that momentum gas surface' changes only along its perpendicular component while the magnitude of . there is a matching of vibrational frequencies of the collision pairs (surface atoms--gas molecules) which produces the. efficient vibrationalvibrational (V-V) energy transfer. These vibrational frequencies may 6 " be estimated from the simple models that were proposed.
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II. EXPERIMENTAL
The apparatus uSed for these experiments has been described in detail elsewhere. 7 In brief, the molecular beam emanates from a source consisting of a multi-channel array and a reservoir maintained at a pressure of several torr. Differential pumping is used between the source and the scattering chamber to reduce the ambient gas pressure to UHV levels. At the single crystal surface, the inCident flux is was also being investigated. 9 Due to the higher surface temperaturs, the angular distribution is broader than those previously shown and the peak. intensity appears at the position nearer to the surface normal., than the specular angle, as it should according . . tovarious models for 12 .
Acetylene forms a (y-2 x y-2)-R45° surface structure.
Although the surface order is easily discernible by low energy electron diffraction the high background intensities in the diffraction pattern indicate a ~air amount of disorder in the adsorbed layer and this has been substantiated by molecular beam studies.
The angular distribution of carbon monoxide scattered from an adsorbed layer of carbon monoxide on platinum is shown in Fig. 13 . Results also indicate that energy transfer is inefficient when the incident molecules are scattered from carbon-covered platinum
surfaces. It appears that the vibrational modes of platinum atoms at the surface, or of carbon atomS in the graphite layer on the platinum surface, iinpart enough momentum to reflect the diatomic or polyatomic speCies with high efficiency before adsorption can take place and permit u -11-complete energy accommodation. It should be noted that directed scattering occurs fro~ both or these surfaces regardless of the large dirrerence in atomic weights between platinum and carbon.
Once a layer of ads.orbed CO is p}"esent on' the surface. however, energyaccOlllIllodation of the incident CO molecules is entirely different from that on clean platinum or on carbon covered surfaces. The incident molecule collides with the carbon monoxide layer and is then reflected with a near-cosine angular distribution indicating significant energy acc6mmodation~
Thus, the carbon-oxygen bond of the adsorbed CO molecule has suitable vibrational modes that permit efficient energy transfer between the CO(gas) and CO(adsorbed) while no such modes exist between .
CO(gas) and C(adsorbed) or CO(gas) andPt(surface). In the same way, 02' although all three gases have peak intensities at the same angle.
Comparing our data with theirs shows that similar trends exist for the platinum surface. CO does not adsorb on silver at 300 o K. The surface of silver was also employed in a study of the angular distribution of scattered ammonia. 20
The pattern was found to be very broad and almost completely diffuse in nature, which is similar to the data shown in Fig. 12 for ammonia scattered from Pt(lOO).
Much attention has been directed toward the scattering of hydrogen and deuterium from metal surfaces, and data now exist for experiments conducted on Ni,3,22 Au,23 Ag,10,24 ptll,25,26and W. 27 For all of these solids, provided ;the surface is clean, the maximum intensity We have already pointed out that the hydrogen and deuterium data presented here (Figs. 6 and 7) show rather broad peaks.
reported a hal -v~dth 0 29.5 for D2 scattering from t and a maximum intensity of 1.5%, down f""l:.OlI-3.6% at-Ts = 375°K. These values may be compared to those we find at l175°K for D2 scattering trom the Pt (100) : the maximum intensity 0~9% and the half-width 50°. ' .. . .
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